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INTRODUCTION

Twenty years have passed since clinical data were stored electronically as a hospital

information system(HIS). Stored data give all the histories of clinical activities in a hospital,
including accounting information, laboratory data and electronic patient records. Due to the
traceability of all the information, a hospital cannot function without the information system. All
the clinical inputs are shared through the network service in which medical staff can retrieve
their information from their terminals. Since all the clinical data are distributed stored and
connected as a large-scale network, HIS can be viewed as a cyberspace in a hospital: all the
results of clinical actions are stored as “histories”. It is expected that similar techniques in data
mining, web mining or network analysis can be applied to the data. Dealing with cyberspace in a
hospital will give a new challenging problem in hospital management in which spatiotemporal
data mining, social network analysis and other new data mining methods may play central roles.
This paper proposes a temporal data mining method to maintain a clinical pathway used for
schedule management of clinical care. Since the log data of clinical actions and plans are stored
in hospital information system, these histories give temporal and procedural information about
treatment for each patient. The method consists of the following four steps: first, histories of
nursing orders are extracted from hospital information system. Second, orders are classified into
several groups by using clustering and multidimensional scaling method. Third, by using the
information on groups, feature selection is applied to the data and important features for
classification are extracted. Finally, original temporal data are split into several groups and the
first step will be repeated. The method was applied to a dataset whose patients had an operation

of cataracta. The results show that the reuse of stored data will give a powerful tool for



maintenance of clinical pathway, which can be viewed as data-oriented management of nursing

schedule.

METHODS

The proposed method is composed of the following three processes: data preparation, data
mining and clinical pathway construction. Data is prepared by two-staged datawarehousing: first,
target dataset are extracted from hospital information system into conventional datawarehouse,
which is called first DWH. Then, the data is split into two DWHs: contents DWH and histories
DWH. Temporal datasets of the number of orders will be stored in the secondary DWH. Data
mining process is applied to the generated data sets in this secondary DWH. It is notable that the
DWH process proposed here is domain independent, except for parameter settings. Secondly,
temporal data mining process is composed of the following three steps. Since data from
secondary DWH can be viewed as numerical temporal sequences, in which samples consist of
nursing orders and attribute consists of each date, similarities among sequences are calculated.
Then, clustering and multidimensional scaling (MDS) are applied and grouping of nursing orders
is obtained. Next, obtained labeled is used for rule induction, where selects the features
important for classification of the labels. Then, by using features, an original table is
decomposed into small tables. If the grouping is the same as the original one, the algorithm quits.
Otherwise, clustering, MDS and rule induction are applied in a recursive way. Finally, by using
evaluation criteria, nursing orders used in decomposed clusters are compiled into a clinical
pathway.

For experimental evaluation, the Ward method for clustering, the metric classical

Torgerson method for MDS and C4.5 for rule induction implemented R 2.15.1 were used.

RESULTS AND DISCUSSION

Experimental evaluations are two-fold. In the first experiments, we focus on histories of

patients who were admitted to the hospital for operations of cataracta. The number of patients is
121 in 2010. For this disease, the clinical pathway mentioned in the above section is used to
optimize the schedule of treatment. The nursing orders are counted during the stay of each
patient and regard chronological change of each order as a temporal sequence. In the first step,
clustering results give two major groups: one includes the orders indispensable to this disease
and the other includes those which are rather specific to the status of each patient, except for
preoperation instruction. MDS gives further classification of the first group into three subgroups
and the second one into two subgroups The former three subgroups consist of vital signs (BP, BT
and PR), body care (Coaching and Wash), and watchlist (Eye Symptoms and Nausea). The latter

two groups consist of preoperation instruction and other symptoms which may specific to the



status to the patients. The results also give another interesting observation: comparison of the
above results with the existing clinical pathway shows that the pathway lacks an order, Wash,
which is similar to Coaching, because their temporal patterns are very similar to other orders
indispensable to the treatment. So, they should be included into clinical pathway.

With the labels obtained, rule induction methods can be applied to the dataset. The
obtained features show that for d1, d2 and d3 give complete classification for the labels, and
preoperation, postoperation, d4 and d5 do not have enough information for complete
classification. Thus, the data should be split into three groups: the first interval is
preoperationand operation, the second one is d1 to d3, and the final interval is d4 and d5. In the
next cycle, the same procedures will applied to each subset of data. Then, clustering is applied to
each decomposed data table in a recursive way.

Then, the proposed method was evaluated on data on nursing orders extracted from
hospital information system, which were collected from Apr.1, 2009 to Mar. 31, 2010. The target
diseases were selected from 10 frequent diseases whose patients were admitted to the university
hospital during this period and where a corresponding given clinical pathway was applied. The
results obtained are shown in the following three tables. The results show that the method is able
to construct a clinical pathway for each disease. Furthermore, the best three major intervals
suggested the optimal and maximum length of stay, although information on frequency of
nursing orders needed to determine the optimal length of stay. For example, in the case of
cataracta, the length of stay estimated from three major intervals is 5 days, but with frequency
information, the fourth date has smaller frequency of orders, compared with other intervals. Thus,

the optimal length will be estimated as 4 days (0,1,2,3).

CONCLUSIONS

In this paper, we propose a general framework on innovation of hospital services based on

temporal data mining process. This process can be called similarity-based visualization approach
in which similarity based methods, such as clustering and multidimensional scaling (MDS) and
correspondence analysis. We applied the process to datasets of #nursing orders for cases for
operation of cataracta where clinical pathway has been introduced. By using Clustering and
MDS, we obtained two major groups in the nursing orders: ones were indispensable to the
treatment, and the others were specific to the status of patients. Then, in the step for feature
selection, the first day of postoperation could be viewed as a threshold in the original datasets.
Thus, periods before and after operation should be dealt as independent datasets. Repeating these
steps, we could characterize the temporal aspects of nursing orders, and then found missing

information in the existing pathway.
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